The most common method for noise assessment is the A-weighted sound pressure level. The question has been raised as to whether the frequency weighting with an A-filter gives a correct result when assessing the annoyance response to noise containing strong low frequency noise (LFN) components.
INTRODUCTION
In 1997 The National board of Occupational Safety and Health in Sweden carried out a survey on the working environment in Swedish elementary schools (7-15 years) (Swedish National Board of Occupational Safety and Health 1997). Headteachers in Sweden were asked about the working environment at their school. Findings in this survey were that the most common environmental problems at school were related to indoor climate and "noise, sound and acoustic problems". The daily activities in the classroom are based on communication and concentration. The working methods in schools in Sweden today differ a lot from the traditional method of lecturing. The teaching methods are nowadays more focused on problem solving. The students are more interactive, eg. discussing with each other and working in groups and projects. The teacher has more and more become a supervisor, guiding not lecturing. The acoustic conditions in these environments are very complex for the constitution of the framework for classroom organisation, management and the learning process. Noise exposure problems vary in different school environments due to the presence of different noise sources, speech and other noises related to student activity. However, the risk for hearing damaging noise exposure during classroom activities is low. On the other hand there is a compelling body of research showing adverse effects of noise on speech communication, performance, short time memory and learning (e.g. Pekkarinen & Viljainen 1991 , Jones et al. 1990 , Enmarker et al. 1998 .
A great number of external noise sources such as ventilation systems, activities in the school building, air and road traffic noise interfere with the school work. Road traffic noise may reduce attention (Enmarker et al. 1998 ). Bronzaft and McCarthy (1975) compares reading ability and sound pressure levels for schools close to railroads. Students in classrooms with the highest sound levels were found to be late in their development of reading. Moreover, Cohen et al. (1980) have reported that air traffic noise can affect reading comprehension and mathematical proficiency. Inside the classroom noise sources such as projectors and other technical equipment are present. However, at school as in many other working environments such as offices, shops, service and hospitals, the main part of the noise originates from human activity.
An effect of noise that has to be considered in the school environment is annoyance. Holmberg (1997) points out that in occupational environments noise annoyance as well as negative effects on performance will increase with increasing sound level, tonal character and variability of the noise. Differences in responses seem to exist between high and low frequency noise exposures. Despite the complexity of noise annoyance, the most common method for noise assessment is still the A-weighted sound pressure level. The question has been raised as to whether the frequency weighting with an A-filter gives a correct result when assessing the annoyance response of noise containing strong low frequency noise (LFN) components. The interval between the hearing threshold and an unacceptable level is much smaller for LFN than for noise with higher frequencies (ISO 1985) . At low frequencies annoyance may appear just above the hearing threshold level. Persson Waye (1995) presents results indicating that annoyance experienced from low frequency noise is higher than annoyance from noise without dominant LFN components at the same level. There are also several observations that point out that the Aweighting underestimates the annoyance from LFN (Kjellberg et al. 1984 , Persson & Björkman 1988 , Leventhall 1980 . The definition of LFN varies and there is no internationally agreed definition. Castelo Branco & Rodriguez (1999) suggests frequencies up to 500 Hz and Berglund et al. (1996) suggests that frequencies up to 250 Hz should be considered as LFN. Dealing with annoyance, an appropriate definition of LFN could be "noise with a dominant frequency content of 20 to 200 Hz" (Persson Waye 1995). One method that has been used in some Swedish recommendations to identify LFN is the dB(C) -dB(A) difference (Swedish National Board of Health and Welfare 1996, Swedish Royal Board of Building 1992). This will constitute an estimate of how much energy is to be found in the low frequency part. A limit of 15-20 dB is also given over which the noise is to be considered as LFN (Swedish National Board of Health and Welfare 1996). Persson Waye (199) suggests that this method should only be used when the level is above 30 dB(A). One aim of this study is to investigate if background noise in Swedish elementary schools is to be considered as LFN. Further to test the hypothesis that students exposed to audible LFN at high levels are more annoyed than students exposed to LFN at lower levels.
METHOD
Sound levels were recorded in 22 unoccupied classrooms at three typical schools in Sweden under similar conditions with normal activity in the surroundings. The noise was recorded using a sound level meter (Brüel & Kjaer 2237) with a 1/2" microphone (B&K 4189) and a digital tape recorder (TEAK DA-P20). The sound level meter was placed in a representative, asymmetrically situated position in the classroom corresponding to the ear height of the students in order to measure the perceived noise. The measurements were made for 10 minutes.
The recordings were analysed according to A-and C-weighted levels. The L Ceq -L Aeq difference was calculated from the equivalent sound levels. The classrooms with a L Ceq -L Aeq < 15 dB were categorised as low LFN level exposure and classrooms with L Ceq -L Aeq > 20 dB were categorised as high LFN exposure. In a further part of the study A-and C-weighted levels were calculated for a limited frequency range, i.e. 63-20kHz. This was made to obtain a L Ceq -L Aeq level difference based on the frequency range in which the sound pressure level exceeded the hearing threshold level. The result is a L Ceq -L Aeq difference based on the frequency range with levels above the hearing threshold level for frequencies in the lower part of the spectra, L Ceq(63-20kHz) -L . The classrooms with a L Ceq(63-20kHz) -L Aeq(63-20KhZ) < 10 dB were categorised as low LFN level exposure and classrooms with L Ceq(63-20kHz) -L Aeq(63-20kHz) > 13 dB were categorised as high LFN exposure. The 337 students working in these 22 classrooms were asked to report their annoyance in a multiple-choice questionnaire. Five alternatives were given. "Not at all annoyed", "Somewhat annoyed", "Quite annoyed", "Much annoyed" and "Very much annoyed".
To test the hypothesis that students working in classrooms with high LFN levels are reported to be more annoyed than students working in classrooms with low LFN levels, a Mann-Whitney U-test was used. The same statistical tool was used to show that there was no difference between the groups in L Aeq . The level of significance was chosen to be p<0.05. 9  52  43  10  15  50  40  10  1  48  37  11  6  53  40  12  11  50  38  12  10  54  40  14  5  52  37  15  2  51  36  15  19  52  35  17  18  53  35  18  22  56  37  18  20  53  34  19  21  55  36  19  3  58  39  20  17  60  40  20  13  54  34  20  16  60  40  21  14  60  39  21  8  60  39  21  7  56  34  22  4  61  38  23  12 58 35 23 Figure 1 displays the distribution of how students reported their annoyance during the lesson. The comparison of reported annoyance between the highand low LFN-exposed groups, based on an L Ceq -L Aeq difference to identify LFN, shows that there is no difference in rated annoyance between these groups (Z=-.84 p> .05). The arithmetical means of the L Aeq levels for the LFN exposure groups is 39 dB(A) for the low LFN exposure and 38 dB(A) for the high LFN exposure. LOW FREQUENCY NOISE AND ANNOYANCE IN CLASSROOM 178 The median, max and min of sound pressure levels in 1/3-octave bands for the 22 classrooms are shown in figure 2 . The spectra is related to the normal hearing threshold (ISO 1985) . The analysis shows that for the frequencies 25, 31, 40 and 50 Hz all levels are close or below the hearing threshold level. Table II shows the L Ceq -L Aeq difference based on the frequency range in which the sound pressure level exceeded the hearing threshold level (Figure 2 ), L Ceq(63-20kHz) -L . Nine classrooms, which had an L Ceq(63-20kHz) -L Aeq(63-20kHz) difference of 10 dB or below are categorised as LFN exposures.
RESULTS
Ten classrooms, which had an L Ceq(63-20kHz) -L Aeq(63-20kHz) difference of 13 dB or above are categorised as high LFN exposures. 9  19  45  35  10  18  45  36  10  2  46  37  10  5  48  38  11  10  52  40  11  21  48  36  12  8  52  39  13  3  52  39  13  22  51  38  13  12  48  35  13  14  52  39  13  7  48  34  14  4  52  38  14  13  48  34  14  16  54  40  15  20 49 34 15 Figure 3 displays the distribution of how the students reported their annoyance during the lesson. The comparison of the reported annoyance between the high-and low LFN-exposed students, based on a L Ceq(63-20kHz) -L difference to identify LFN, shows that there is no difference in rated annoyance between the groups (Z=-.57, p>.05). The arithmetical means of the L Aeq(63-20kHz) for the LFN exposure groups is 39 dB(A) for the low LFN exposure and 37 dB(A) for the high LFN exposure.
DISCUSSION
This field study shows that the noise in 16 of the 22 classrooms investigated is to be considered as LFN using the method cited by the Swedish National Board of Health and Welfare (1996) . Further the statistical analysis did not show that students exposed to high LFN levels reported more annoyance than students exposed to low LFN levels when using the L Ceq -L Aeq difference to identify LFN. In the further part of the study, A-and C-weighted levels were calculated for a limited frequency range, 63-20kHz. The idea is a classification of high/low LFN exposure in a frequency range in which the sound pressure level exceeds the hearing threshold. The theoretical basis is that an annoyance response is based on audible sound. The statistical analysis did not show any difference in reported annoyance between the group exposed to higher LFN exposure and the group exposed to lower LFN levels using the L Ceq(63-20kHz) -L Aeq(63-20kHz) difference to identify LFN. There is no difference in L Aeq exposure between high and low LFN level exposure groups.
On the basis of earlier research there is a problem using this method at low levels. High levels at low frequencies may contribute to a high C-weighted level, yet be below the hearing threshold level. If so, the method to identify LFN may overestimate energy in the lower part of the spectra. According to this, Persson Waye (1999) suggests that this method should only be used when the level is above 30 dB(A). There are reasons to believe that a recommendation for the use of this method should be even higher than 30 dB(A). The dominant source of the background sound in these classrooms is ventilation. Yet, it is not a correct assumption that ventilation noise is LFN at all times. The National Board of Health and Welfare (1996) also points out the necessity to move on to the use of other methods such as 1/3-octave band analyses to confirm an LFN exposure.
The results in this study do not contradict the proposed method for defining the LFN component, neither that this definition is a relevant method for the risk assessment of LFN annoyance. Earlier research raises the question whether the frequency weighting with an A-filter is a correct method when assessing the annoyance response of noise especially when containing strong low frequency noise (LFN) components. There is a continuous discussion about the complexity of noise annoyance, the concept of noise reactions and interactions with other factors. Maybe this problem is more complex than a matter of measuring methods. The rating is based on the total stimuli, noise load as well as personal and social factors. The school environment is very complex and LFN components are just one of many factors that may influence the annoyance response. The possibility cannot be excluded that the complexity of the school environment obscured the detection of an LFNannoyance relationship. Noise exposure problems vary in different school environments due to the presence of different noise sources, speech and other noises related to the student activity. The distribution of reported annoyance between the high-and low LFN-exposed groups based on a L Ceq(63-20kHz) -L difference to identify LFN These factors have to be considered assessing the effects of noise annoyance in school environments. The problem with noise annoyance must be looked upon as a whole.
